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(54) Electric vehicle traction control system and method 

(57) A system and method that may be imple- 
mented in a power inverter or controller, for example, 
that uses the speed of a rotor to control the torque out- 
put of a motor of an electric vehicle. A rotor encoder 
coupled to the rotor of the motor provides encoder sig- 
nals that indicate the speed of the rotor and thus the 
speed of the vehicle. Alternatively, wheel speed sensors 
may be employed in lieu of the encoder to provide 
sensed signals that are processed to produce traction 
control of the vehicle. By monitoring the rate of change 
of the signals from the encoder or sensor, the controller 
determines if the drive wheels are spinning due to loss 
of traction. If this condition is detected, the controller 
reduces torque until traction has been regained. 
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Description 

BACKGROUND 

The present invention relates generally to electric 
vehicles, and more particularly, to a system and method 
that implements traction control in electric vehicles. 

The assignee of the present invention designs and 
builds control systems for use in electric vehicles, such 
as for controlling the speed of a motor of an electric 
vehicle and braking the electric vehicle, for example. 
Prior efforts by the assignee of the present invention to 
add traction control systems to electric vehicles has 
been implemented in a controller developed for antilock 
braking system (ABS) control. An algorithm was devel- 
oped for use in the ABS controller that processes speed 
inputs from wheel speed sensors located on all four 
wheels. Since traction control is limited to controlling 
torque to the drive wheels, the cost of wheel speed sen- 
sors to non-drive wheels increases the overall cost of 
the vehicle. 

It would therefore be an improvement in the art to 
have control apparatus and a method that implements 
traction control without requiring an antilock braking 
system. Accordingly, it is an objective of the present 
invention to provide for a system and method that imple- 
ments traction control In electric vehicles. 

SUMMARY OF THE INVENTION 

To meet the above and other objectives, the present 
invention provides for a system and method that may be 
implemented in a power inverter or controller, for exam- 
ple, that uses rotor speed to control the torque output of 
a motor of an electric vehicle. An encoder coupled to the 
rotor of the motor provides encoder signals that indicate 
the speed of the rotor and thus the speed of the vehicle. 
Alternatively, wheel speed sensors may be employed in 
lieu of the rotor encoder to provide sensed signals that 
are processed to produce traction control of the vehicle. 
By monitoring the rate of change of the signals derived 
from the encoder or sensor, the controller determines if 
the drive wheels are spinning due to loss of traction. If 
this condition is detected, the controller reduces torque 
until traction has been regained. The control of torque 
based upon the rate of change of the rotor is the heart 
of the approach of the present invention. 

More particularly, the present system and method 
implements traction control in an electric vehicle 
employing an electric drive motor that is powered by 
electric batteries under control of a controller or proces- 
sor, and wherein the motor is coupled to drive wheels 
whose traction is to be controlled. The system has an 
encoder for monitoring the rate of change of speed of 
the rotor of the electric drive motor and for producing 
encoder signals that indicate the speed of the rotor to 
determine if the drive wheels are spinning due to loss of 
traction. The controller (processor), processes the 



encoder signals to determine if the drive wheels are 
spinning due to loss of traction and produces torque 
control signals when the drive wheels are spinning that 
adjusts the output torque of the motor to control the trac- 
s tion of the wheels. 

Processing is implemented in the controller by sam- 
pling current and previous rotor speed values derived 
from the encoder signals and determining the rate of 
change of the rotor by subtracting the current speed 
10 value from the prior rotor speed value. The rate of 
change of the rotor is then compared to a programma- 
ble threshold value to determine if the drive wheels slip. 
If the drive wheels slip, a torque command value applied 
to the motor is reduced until the condition no longer 
is exists and if the drive wheels do not sip, the torque 
command is adjusted to be equal the commanded input 
value. Consequently, if loss of traction is experienced, 
lowering the torque value slows down the rotor thus 
enabling the drive wheels to regain traction. The 
20 present invention thus eliminates the use of an antilock 
braking system to perform traction control. 

The present invention reduces the cost of the mod- 
ule and electric vehicle in which it is employed and 
increases the performance of an electric traction system 
25 without adding separate and/or additional controllers. 
By adding this algorithm to the propulsion controller, the 
electric vehicle has an improved ability to start moving 
on slick surfaces. Previous versions of traction control 
relied on wheel speed sensors and a separate controller 
30 to determine whether or not a loss of traction occurred. 
The inclusion of this algorithm allows the deletion of 
wheel speed sensors and a separate controller for the 
purposes of traction control. These functions may need 
to be retained for antilock brake system (ABS) use. 
35 The present invention is useable with an electric 
motor and inverter that uses encoder feedback, for 
example, to indicate rotor speed. The ability to add trac- 
tion control at no additional cost enhances the marketa- 
bility and desirability of the vehicles. 
40 The present invention thus provides for an algo- 
rithm that monitors the rate of change of the rotor of the 
electric drive motor of the electric vehicle which is an 
indication of the speed of the vehicle. The rate of 
change of the rotor is compared to a programmable 
45 threshold value to determine rf the drive wheels are slip- 
ping, rf the drive wheels slip, the rate of change of the 
encoder/rotor speed is greater than the programmed 
value. For this case, the torque command from the con- 
troller is reduced until the condition no longer exists. 
50 Once the condition no longer exists, the torque com- 
mand follows the commanded input value. The torque 
command is used to control the amount of current 
applied to the motor. By controlling the current applied 
to the motor, the torque generated by the motor is read- 
55 ily controlled. In conditions where a loss of traction are 
experienced, lowering the torque value slows the rotor 
down, thus enabling the drive wheels to regain traction. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The various features and advantages of the present 
invention may be more readily understood with refer- 
ence to the following detailed description taken in con- s 
junction with the accompanying drawings, wherein like 
reference numerals designate like structural elements, 
and in which: 

Fig. 1 shows a power inverter employing a method 10 
of providing traction control for an electric vehicle in 
accordance with the principles of the present inven- 
tion; and 

Fig. 2 shows a flow chart is detailing the method 
used in the present invention. is 

DETAILED DESCRIPTION 

Referring to the drawing figures, Fig. 1 shows a sys- 
tem 10 employing a method 20 (or algorithm 20) for 20 
implementing traction control in an electric vehicle 1 1 in 
accordance with the principles of the present invention. 
The electric vehicle 11 comprises an electric drive 
motor 12 having a rotor 13 that is powered by electric 
batteries 1 4 under control of a power inverter 1 5 or con- 25 
trailer 15 which comprises processing means 15 
employed by the present invention. The motor 12 is cou- 
pled to drive wheels 16 whose traction is indirectly mon- 
itored using a rotor encoder 17 coupled to the rotor 13 
of the motor 12. Encoder signals produced by the rotor 30 
encoder 1 7 are processed to produce traction control of 
the vehicle 11. Alternatively, wheel speed sensors 18 
may be employed in lieu of the rotor encoder 1 7 to pro- 
vide sensed signals that are processed to produce trac- 
tion control of the vehicle 11. 35 

Fig. 2 shows a flow chart is detailing the method 20 
(or algorithm 20) in accordance with the principles of the 
present invention of providing traction control for the 
electric vehicle 1 1 . The present method 20 monitors the 
rate of change of the rotor 13 of the electric drive motor 40 
1 2 which is an indication of the speed of an electric vehi- 
cle 11. 

Current and previous rotor speed values are 
obtained or sampled from the encoder 17, or the wheel 
speed sensors 18 in the alternative embodiment (step 45 
21). The rate of change (ROC) of the rotor 13 is deter- 
mined by subtracting the current speed value (NRSPD) 
from the prior rotor speed value (RSPD) (step 22). The 
rate of change (ROC) of the rotor 13 is compared to a 
programmable threshold value (TRAC) to determine if so 
the drive wheels 1 6 slip (step 23). If the drive wheels 1 6 
slip, the rate of change of the speed determined by the 
encoder 17 and hence the rotor 13 is greater than the 
programmed threshold value. In this case, a torque 
command value (TCMD) produced by the controller 15 ss 
and applied to the motor 12 is reduced until the condi- 
tion no longer exists (step 24). This is achieved by mul- 
tiplying the torque command value times a 



programmable parameter (TRACMOD) that is used to 
lower the torque command value (step 25). Once the 
condition no longer exists, the torque command follows 
(is adjusted to be equal to) the commanded input value 
(step 26). The torque command is used to control the 
amount of current applied to the motor. By controlling 
the current applied to the motor, the torque generated 
by the motor is controlled. In conditions where a loss of 
traction is experienced, lowering the torque value (step 
25) slows down the rotor 13 thus enabling the drive 
wheels 16 to regain traction. 

With regard to Fig. 2, the value NRSPD is the new- 
est or current rotor speed value derived from the 
encoder 17 or wheel sensor(s) 18, and corresponds to 
the current speed of the rotor 13. ROC is the rate of 
change that represents the acceleration rate of the rotor 
13. RSPD is the rotor speed from the previous update. 
TRAC is a programmable threshold value that indicates 
that traction has been lost and that the drive wheel(s) 16 
are slipping. TRACMOD is a programmable parameter 
that is used to lower the torque command value. TCMD 
is the commanded torque value, based on accelerator 
pedal position or outputs of a cruise control torque func- 
tion, for example. 

Thus, a system and method that implements trac- 
tion control for use with electric vehicles have been dis- 
closed. It is to be understood that the above-described 
embodiments are merely illustrative of some of the 
many specific embodiments which represent applica- 
tions of the principles of the present invention. Clearly, 
numerous and varied other arrangements may be read- 
ily devised by those skilled in the art without departing 
from the scope of the invention. 

Claims 

1. A system for implementing traction control in an 
electric vehicle comprising an electric drive motor 
having a rotor that is powered by electric batteries 
under control of a controller, and wherein the motor 
is coupled to drive wheels whose traction is to be 
controlled, said system comprising: encoder means 
for monitoring the rate of change of speed of the 
rotor of the electric drive motor and for producing 
encoder signals that are indicative of the speed of 
the rotor determines if the drive wheels are spin- 
ning due to loss of traction; and processing means 
coupled to the encoder means for processing the 
encoder signals to determine if the drive wheels are 
spinning due to loss of traction and to produce 
torque control signals when the drive wheels are 
spinning that adjusts the output torque of the motor 
to control the traction of the wheels of the vehicle. 

2. The system of Claim 1 wherein the encoder means 
comprises a rotor encoder. 

3. The system of Claim 1 wherein the encoder means 
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comprises a wheel speed sensor. 

4. The system of Claim 1 wherein the processing 
means processes the encoder signals by: sampling 
current and previous rotor speed values derived s 
from the encoder means; determining the rate of 
change of the rotor by subtracting the current speed 
value from the prior rotor speed value; comparing 
the rate of change of the rotor to a programmable 
threshold value to determine if the drive wheels slip; io 
if the drive wheels slip, reducing a torque command 
value applied to the motor until the condition no 
longer exists; and if the drive wheels do not slip, the 
torque command is adjusted to be equal the com- 
manded input value; and wherein, if loss of traction 15 
is experienced, lowering the torque value slows 
down the rotor thus enabling the drive wheels to 
regain traction. 
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the condition no longer exists; and if the drive 
wheels do not slip, the torque command is adjusted 
to be equal the commanded input value; and 
wherein, if loss of traction is experienced, lowering 
the torque value slows down the rotor thus enabling 
the drive wheels to regain traction. 

9. The method of Claim 8 wherein the step of reducing 
the torque command value is achieved by multiply- 
ing the torque command value times a programma- 
ble parameter that is used to lower the torque 
command value. 

10. The method of Claim 8 wherein the torque com- 
mand is used to control the amount of current 
applied to the motor. 



5. The system of Claim 4 wherein reducing the torque 20 
command value is achieved by multiplying the 
torque command value times a programmable 
parameter that is used to lower the torque com- 
mand value. 

25 

6. The system of Claim 4 wherein the torque com- 
mand is used to control the amount of current 
applied to the motor. 

7. A method for implementing traction control in an 30 
electric vehicle comprising an electric drive motor 
having a rotor that is powered by electric batteries 
under control of a controller, and wherein the motor 

is coupled to drive wheels whose traction is to be 
controlled, said method comprising the steps of: 35 
monitoring the rate of change of speed of the rotor 
of the electric drive motor and for producing 
encoder signals that are indicative of the speed of 
the rotor determines if the drive wheels are spin- 
ning due to loss of traction; and processing the 40 
encoder signals to determine if the drive wheels are 
spinning due to loss of traction and to produce 
torque control signals when the drive wheels are 
spinning that adjusts the output torque of the motor 
to control the traction of the wheels of the vehicle. 45 



8. The method of Claim 7 wherein the step of monitor- 
ing the rate of change of speed of the rotor 1 3 com- 
prises the step of sampling current and previous 
rotor speed values derived from the encoder so 
means; and wherein the step of processing the 
encoder signals comprises the steps of: determin- 
ing the rate of change of the rotor by subtracting the 
current speed value from the prior rotor speed 
value; comparing the rate of change of the rotor to 55 
a programmable threshold value to determine if the 
drive wheels slip; if the drive wheels slip, reducing a 
torque command value applied to the motor until 
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(54) Electric vehicle traction control system and method 

(57) A system and method that may be imple- 
mented in a power inverter or controller, for example, 
that uses the speed of a rotor to control the torque out- 
put of a motor of an electric vehicle. A rotor encoder 
coupled to the rotor of the motor provides encoder sig- 
nals that indicate the speed of the rotor and thus the 
speed of the vehicle. Alternatively, wheel speed sensors 
may be employed in lieu of the encoder to provide 
sensed signals that are processed to produce traction 
control of the vehicle. By monitoring the rate of change 
of the signals from the encoder or sensor, the controller 
determines if the drive wheels are spinning due to loss 
of traction. If this condition is detected, the controller 
reduces torque until traction has been regained. 
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